INTRODUCTION {#sec1-1}
============

Various penile augmentations have been performed to correct medical problems, such as micropenis, or to improve self-esteem. With the increasing need for effective, safe, and less invasive procedures, penile augmentations using injectable soft-tissue substitutes are currently in high demand.[@ref1][@ref2] Several penile injection materials have been introduced and used for penile shaft augmentation.[@ref2][@ref3][@ref4][@ref5]

To the unaided eye, the penis is divided into the glans penis and shaft. Notably, the penile shaft is currently the only focus of penile augmentation. Consequently, successful penile shaft augmentation is considered to be only half-successful.[@ref6][@ref7] Furthermore, the glans is relatively smaller than the penile shaft after augmentation, causing new imbalances in penile shape that may result in lower self-esteem. In real-world practice, most patients who seek penile augmentation desire both penile shaft and glans penis augmentation (GPA), if possible.[@ref7] However, there is no safe and effective standard method for GPA, and there has been scant research on GPA due to a poor understanding of glans anatomy, technical inexperience, and a lack of suitable substances for augmentation.[@ref6][@ref7]

Cross-linked dextran (CD) is biocompatible and enhances angiogenic responses.[@ref8][@ref9] Moreover, CD is neocollagenetic and is replaced by the body\'s own tissue after dermal injection.[@ref3][@ref10] In animal models, CD-based materials showed good efficacy and biocompatibility for soft-tissue augmentation.[@ref8][@ref11][@ref12][@ref13][@ref14] Recently, it has been used as a bulking substance for the treatment of vesicoureteral reflux and urinary incontinence.[@ref15][@ref16][@ref17] Based on these characteristics, CD may be an appropriate substance for GPA.

CD gel is a newly developed dermal filler for soft-tissue augmentation and is a commercially available product. The present study described in detail a novel technique for human GPA and assessed the efficacy and safety of CD gel during a follow-up period of 24 weeks after injection.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Study design {#sec3-1}

This study used a prospective, single-arm, multicenter design and evaluated the efficacy and safety of CD gel for human GPA during a follow-up period of 24 weeks after injection. Approvals for the study were obtained from the respective Institutional Ethics Committees of the two participating institutions. Individuals were recruited by advertisement from two institutions between June and August 2013.

The size of the glans penis was measured with each individual in the supine position in a stable environment, with the penis in a flaccid state. Glandular size was defined as the surface area of the glans, which was calculated as the width of the glans multiplied by its length. The width and length were measured with a measuring tape using the center of the urethral meatus as the reference point (**[Figure 1](#F1){ref-type="fig"}**).

![Measurement of glandular size. Glandular size was defined as the surface area of the glans, which was calculated as the width multiplied by the length of the glans penis. The width and length were measured with a measuring tape using the center of the urethral meatus as the reference point.](AJA-20-80-g001){#F1}

Individuals visited each institution 4 weeks after injection to check the penile condition and to determine of any adverse events (AEs) had occurred. At 24 weeks after injection, glandular size was measured. Individual satisfaction was also assessed from grade 0 to 4 (G0--4), in order of increasing satisfaction, with G0 indicating dissatisfaction; G1, about equally satisfied and dissatisfied; G2, somewhat satisfied; G3, moderately satisfied; and G4, very satisfied.[@ref6]

### Subjects {#sec3-2}

Healthy males of 20 years age and older who felt that they had a small penis (small penis syndrome) and wanted to receive GPA were enrolled in our study. Before augmentation, individuals provided their clinical history and detailed physical examinations were performed, focusing on the anatomical features of the penis and on psychological details, in order to exclude those who were unsuitable for inclusion in the current study. They also underwent preliminary assessments, including vital signs, urine analysis, complete blood count, hepatic function, and blood clotting function using serum biochemical analysis. Exclusion criteria included any history of psychological or psychiatric illness, congenital or acquired penile malformation, previous plastic surgery on the glans penis, and any chronic major systemic disease, including diabetes and coagulopathy. All individuals had been circumcised before participating in the study although previous circumcision was not required for inclusion.

After the study design and possible complications after injection were explained, the individuals signed an informed consent form. A total of twenty individuals from two medical institutions (ten from each) were finally included in the study.

### Injection material {#sec3-3}

CD, which is derived from dextran used as volume expander, is a microsphere with a molecular weight and diameter of \~510 kDa and 65--125 μm, respectively. Its positive surface charges attract macrophages. In turn, the macrophages release transforming growth factor (TGF)-beta and interleukins, which stimulate fibroblasts to produce collagen fibers. After being reabsorbed, dextran is replaced by the body\'s own tissue.[@ref18]

CD gel (Lipen-D®, CheongHwa Medipower Corporation, Jangseoung, Korea) is a novel dermal filler for soft-tissue augmentation and is a commercially available product that was approved by the Korean Food and Drug Administration in 2012. CD gel consists of 3.84% CD, 0.17% hydroxylpropyl methylcellulose, 0.05% sodium hydroxide, and 95.94% water. The CD microspheres were 63--125 μm in diameter with a pH of 5.8--7.6. As a result, 1 ml of CD gel contained approximately 37.2 mg dextranomer microspheres.[@ref14]

### Injection method {#sec3-4}

An experienced surgeon performed the procedure at each institute. The procedure was carried out in an office setting with the individual in the supine position. A penile block was induced by injecting 2 ml of 0.2% lidocaine into the penis root. In addition, 0.2% lidocaine was injected underneath the coronal sulcus ([Supplementary Video Clip 1](#SD1){ref-type="supplementary-material"}).

After the anesthesia had taken effect, CD gel was injected into the subcutaneous tissue (lamina propria layer) of the glans penis by the fanning technique through a 24-gauge needle (**[Figure 2](#F2){ref-type="fig"}**). For this technique, the injection needle was indwelled at the 1 and 11 o'clock positions on the corona of the glans to avoid dorsal pedicle injury. Thereafter, the needle was directed posteriorly and laterally, parallel, or tangential to the glans penis, distributing the material as uniformly as possible by a continuous back and forth movement, while constantly pressing the syringe plunger. If necessary, the injection needle was indwelled between the 1 and 5 o'clock positions or between the 7 and 11 o'clock positions (multiple puncture technique).[@ref19] To avoid urethral compression or injury, the injected material did not cover the ventral part of the glans penis or around the urethral meatus. The mean procedure time and injected volume were about 30 min and 6.6 ± 0.9 ml (range: 4.9--8.8 ml), respectively. After the procedure, the injected surface was thoroughly massaged, to redistribute the gel as uniformly as possible ([Supplementary Video Clip 1](#SD1){ref-type="supplementary-material"}).

![Cross-linked dextran gel was injected into the subcutaneous tissue (lamina propria layer) of the glans penis using the fanning technique. To avoid urethral compression or injury, the injected material did not cover the ventral part of the glans penis or around the urethral meatus](AJA-20-80-g002){#F2}

### Main outcome measures {#sec3-5}

The primary endpoint was an increase in glans surface area of 20% or more at 24 weeks after injection. Well-designed research on GPA is lacking. In our preliminary results, the mean glandular size increase after injection was 30%, with a cut-off point of marked increase to the unaided eye of 20%. The secondary endpoint was G2 or greater on the satisfaction scale, which indicated that the individual was at least somewhat satisfied with the results of the CD gel injection. Differences in outcomes between institutes were also assessed.

### Safety assessments {#sec3-6}

Vital signs and penile conditions were recorded at baseline and 4 and 24 weeks after injection. AEs were also reported to investigators, immediately or when the individuals visited each institution for follow-up assessment.

### Statistical analyses {#sec3-7}

Our study was designed with 80% power and a 5% significance level to detect a 20% increase in mean surface area of the glans penis, assuming a standard deviation of 10%, based on our preliminary results and those of a previous study.[@ref6] Thus, at least 17 individuals were required for statistical analysis.

The increase in glans surface area at 24 weeks after injection was determined using one-sample *t*-tests. The mean differences in glans penis surface area between baseline and 24 weeks after injection were determined using paired *t*-tests. Frequency and percentages were used to represent individual satisfaction and AEs. Differences in outcomes between institutes were determined using Mann--Whitney U-tests for continuous variables and Fisher\'s exact tests for categorical variables.

All tests were two-sided, and *P* \< 0.05 was considered statistically significant. IBM SPSS Statistics for Windows, version 21.0 (IBM Corporation, Armonk, NY, USA) was used for all statistical assessments.

RESULTS {#sec1-3}
=======
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### Subjects {#sec3-8}

Of twenty individuals who received injections, two were lost to follow-up due to subject choice. Finally, 18 individuals were analyzed. Their mean age was 52.0 ± 7.1 (range: 33.0--65.0) years.

### Efficacy {#sec3-9}

The CD gels appeared to be uniformly distributed over the glandular surface 24 weeks after injection, with no evidence of migration from the injection site (**[Figure 3](#F3){ref-type="fig"}**).

![Representative figures of cross-linked dextran gel injection for glans penis augmentation. The gels were uniformly distributed, and the glans penis 24 weeks after injection (right) was larger than that before injection (left). (**a**) Case number 10 (44-year-old man). The injected volume was 6.4 ml, and the surface area of the glans penis had increased by 10.20 cm^2^ (48.23%) at 24 weeks after injection. (**b**) Case number 11 (57-year-old man). The injected volume was 6.4 ml, and the surface area of the glans penis had increased by 11.69 cm^2^ (71.28%) at 24 weeks after injection.](AJA-20-80-g003){#F3}

At 24 weeks after injection, the surface areas of the glans penis had increased by 20% or more in all individuals (100%; **[Table 1](#T1){ref-type="table"}**). The mean surface areas at baseline and 24 weeks after injection were 20.0 ± 3.5 cm^2^ and 33.6 ± 5.4 cm^2^, respectively, representing a mean increase of 68.7% ± 14.0% (*P* \< 0.001). The mean surface area increased by 13.5 ± 2.6 cm^2^ (standard error: 0.6; 95% confidence interval: 12.2--14.8; *P* \< 0.001). There were no significant differences in the outcomes between the two institutes (*P* \> 0.05; **[Table 2](#T2){ref-type="table"}**).

###### 

Changes in the surface area of the glans penis between baseline and 24 weeks after injection of cross-linked dextran gel

![](AJA-20-80-g004)

###### 

Comparison of the outcomes of cross-linked dextran gel injection between the two institutes

![](AJA-20-80-g005)

The satisfaction scores after infection in the 18 individuals were G1 (two individuals, 11.1%), G2 (12 individuals, 66.7%), and G3 (four individuals, 22.2%). Sixteen (88.9%) individuals were satisfied with the outcomes of the injection, and no individual was dissatisfied with the outcome.

### Safety {#sec3-10}

All individuals experienced varying degrees of glandular pain and edema immediately after injection. However, these symptoms spontaneously subsided within 2 weeks for most individuals. At 24 weeks after injection, only one individual presented with mild glandular pain (**[Table 3](#T3){ref-type="table"}**). At 4 weeks after injection, the reported symptoms included ecchymosis (three individuals, 16.7%), erythema (two individuals, 11.1%), unnatural glans shape (one individual, 5.6%), and glandular hypoesthesia (one individual, 5.6%). However, these symptoms resolved without treatment, and no case lasted for 24 weeks. There were no serious AEs, such as glandular necrosis or ulceration, glandular surface irregularity, and erectile dysfunction, during the study.

###### 

Treatment-related adverse events during the study period

![](AJA-20-80-g006)

DISCUSSION {#sec1-4}
==========

Currently, the primary focus of penile augmentation is typically the penile shaft, and not the glans penis. As a result, even successful augmentation of the penile shaft is considered only half-successful.[@ref6][@ref7] Nevertheless, there has been little to no research on GPA. In this context, our prospective study is remarkable, because our results showed that injection of a newly developed CD gel resulted in substantially increased glandular size and was well tolerated, without any serious AEs. Our results suggest that CD gel injection may be an effective new technique for GPA.

GPA with injection has been overlooked due to a poor understanding of glans anatomy, technical inexperience, and a lack of suitable substances for augmentation.[@ref6][@ref7] However, a recent animal study suggested the potential space of the glans penis for GPA.[@ref20] The animal study showed that the implants were well maintained in the lamina propria layer of the glans penis for 1 year.[@ref6][@ref20] In addition, it is not technically complicated to inject gels into the human glans penis, due to its elastic nature. Our technique is easy in facilitating the injection of gels ([Supplementary Video Clip 1](#SD1){ref-type="supplementary-material"}).

The choice of an adequate substance must be carefully considered in injection-based GPA. Ideal substances for soft-tissue augmentation should maintain their volume and should be safe, biocompatible, and nonmigratory. Because the glans penis is a highly vascularized structure and the safe space for injection is relatively small, the choice of an appropriate substance is of utmost importance. In this respect, CD gel was particularly well suited for GPA in our study. Dextran is a complex, branched glucan that is safe enough for use as an antithrombotic agent or volume expander.[@ref10] CD is derived from dextran and consists of microspheres. Its positive surface charges apparently attract macrophages. In turn, the macrophages release TGF-beta and interleukins, which stimulate fibroblasts to produce collagen fibers, a process called neocollagenesis. After being reabsorbed, dextran is replaced by the body\'s own tissue (living implant).[@ref10][@ref18] These characteristics suggest the potential for CD to be a safe, biocompatible, and nonmigratory substance for GPA.

Previously, the effects of the same CD gel product used in our study were assessed in a 24-month rat study.[@ref14] The augmentation effects of CD gel decreased slowly but were largely maintained. In addition, the sequential volume changes from 3 weeks to 24 months after injection were not significant. CD gel induced strong collagen deposition inside and outside the gel at 3 weeks after injection. The thickness and intensity of collagen deposition increased gradually for up to 24 months after injection. The gel was well tolerated, did not cause serious AEs, and provided a significant augmentative effect in that study. Our human study was designed based on the results of that animal model study.

To our knowledge, the only three materials for GPA with injection have been assessed in literature.[@ref6][@ref21][@ref22] Perovic *et al*.[@ref21] reported the results of GPA by injection of a hydrogel that included a synthetic cross-linked polymer in 13 patients with glandular deformities. They concluded that the hydrogel was effective and tolerable at a mean of 17-month follow-up. However, seven of 13 patients received reinjections (more than two times) to maintain a lasting GPA effect. Therefore, the results were not maintained in more than half of the patients. Shaeer reported the results of GPA by injection of polyacrylamide gel in four patients with penile prosthesis implantation. However, the augmentative effects only lasted for an average of 5 months.[@ref22] Furthermore, even if serious AEs were not reported in that study, polyacrylamide can cause granuloma formation or delayed hypersensitivity reactions.[@ref23] Hyaluronic acid (HA) gel, which has been proven to be effective and safe in various augmentation fields, is also reportedly effective as an injectable material for GPA. Kim *et al*.[@ref6] reported a significant increase in glandular circumference at a 1-year follow-up. The same investigators also reported the results of 5-year follow-ups with only 15% decrease in glandular circumference.[@ref24] However, in almost all studies on GPA with HA injection, HA gel was associated with delayed ejaculation, thus restricting its use to patients with premature ejaculation.[@ref19][@ref22][@ref24][@ref25][@ref26]

Interestingly, delayed ejaculation was not reported in our study. Only one individual complained about glandular hypoesthesia, which disappeared during the study. As mentioned, although HA gel injection is a promising tool for GPA, delayed ejaculation may restrict its use to only those patients with premature ejaculation.[@ref19][@ref22][@ref24][@ref25][@ref26] Therefore, it is notable that CD gel injection was not associated with delayed ejaculation in our study. Although the exact mechanism is unknown, one potential hypothesis is that CD gel, unlike HA gel, can induce neovascularization and be replaced by the body\'s own tissue (living implant).[@ref10][@ref14][@ref18] During this pathogenesis, glandular sensory function may be maintained or regenerated.

In our study, AEs were mild and transient and resolved without treatment. There were no serious AEs, such as glandular necrosis or ulceration, during the study. However, the use of CD may involve the risk of the appearance of serious and persistent AEs, such as tissue necrosis, especially in patients with vasculopathy.[@ref27]

Our study had several limitations. First, the duration of follow-up was insufficient to confirm the long-term efficacy and safety of the CD gel. However, our study is ongoing for a long-term follow-up. Despite this limitation, we believe that CD gel is a promising tool for GPA, based on the results of our study and those of animal model testing.[@ref14] Second, the measurement method of glandular size used in our study was not validated although it was tested and reliable in our preliminary study. However, it must also be noted that there is no known validated measurement method, and it is impossible in practice to measure the glandular size precisely. Third, our satisfaction scale was skewed in favor of satisfaction, which might have created some bias, although it was made based on a previous study and our preliminary study in which dissatisfaction was rarely reported.[@ref6] Fourth, there was no objective comparison of erectile glans size or objective report of satisfaction of erectile glans size before and after CD injection. Fifth, our study had no control group although it was reasonably designed. Finally, histologic examination was not performed although histology was previously assessed in an animal model.[@ref14]

CONCLUSIONS {#sec1-5}
===========

CD gel injection for GPA was easy and showed a significant augmentative effect on the glans penis, good durability at 24 weeks after injection, and was well tolerated, without serious AEs. Thus, CD gel injection may be an effective new tool for GPA.
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